Xiaoyun Fu analyzed the stiffness characteristics of PAMs [12] . The study can offer assistances for the development on the PMA. Guanghua Zong use the adjusting method to control stiffness of antagonistic PAMs joint [13] , handles the stiffness control problem of a manipulator driven by a rubber actuator. Saito N proposed to control position and stiffness simultaneously by using of an antagonist pair of PAMs [14] , Reported by the McKibben artificial muscle-activated robot arm with independent joint position and stiffness of the adaptive control.. Xiangrong Shen controlled the stiffness and force of cylinder [15] , proposes a approach to the design of a robot actuator with physically variable stiffness. Although such studies provide an effective control regimen for PAM antagonistic joints, they do not achieve the goal of controlling the forces and stiffness of antagonistic PAMs. This paper proposed the control method for controlling the stiffness and force of antagonistic PAMs joint based on sliding mode control. This paper presented the compliance characteristics of PAMs. PAMs with variable stiffness in physical structure and control method. These various experiments display that PAMs can accurately track desired force and stiffness under different loads. The force and stiffness can be controlled to achieve the expected value. The rest of the paper is arranged as follows. Section 2 describes the dynamic stiffness and force models of PAMs. Sliding mode controller is proposed in section 3. And section 4 is the result of the experiment. And the experimental setup is shown in this section. Section 5 draws the conclusion. 
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MODELING THE PAMS
PAM is the cylindrical structure, the outside of the PAM is high-strength knitted fibers mesh shell, and the inside is a rubber tube. The detailed structure is shown in Fig 1. As the shrinkage performance of the rubber tube of the PAM inside, it can be a wide range of elasticity when inflate or deflate. In order to implement force and stiffness control, dynamic models of the PAMs were described briefly. The model outputs are actuator force and stiffness, and inputs are the respective internal pressure. Assumptions are shown as follow 1) Ignore the deformation at the end of the PAM 2) Ignore the elastic force of rubber hose of the PAM 3) Ignore the internal friction of the PAM Based on the PAMs geometry model shown in Fig 2, and above assumptions, the connection of internal parameters is given cos L l (1) sin n D l (2) where L is actual length of PAM, l is the length of single knitted fibers mesh shell, D is actual diameter, is the angle of fiber orientation, n is the winding turns 
where 0 a L is the initial length, x is the change the length, K is the stiffness of the PAM.
The output stiffness of the actuator is defined
From (3) to (11), an expressions of force and stiffness as function of internal pressure is presented
SLIDING MODE CONTROLLER DESIGN
Sliding mode control, also known as variable structure control, this control strategy and other control of the difference is that the system "structure" is not fixed, but dynamic changes. Sliding mode control according to the current state of the system, the purpose of constantly changing, forcing the system in accordance with the scheduled "sliding mode" state trajectory movement, and ultimately reach the equilibrium point. As the sliding mode can be designed and independent of the object parameters and disturbance, which makes the variable structure control with fast response, parameter change and disturbance is not sensitive, without system on-line identification, physical realization and so on. The dynamics from internal pressure input to the stiffness and force outputs can be written as a function of the measurable states as 
The model described by (1)- (15) . As such, the system dynamics can be expressed x = f + bu x = f + bu 
EXPERIMENTAL RESULTS
The force/stiffness controller was implemented on an experimental setup to demonstrate and validate the approach. The pneumatic experimental platform been set up. The experimental setup is shown in where VPPM is proportional pressure valve, LFR is filter pressure reducing valve, IPC is industrial personal computer. For example, basic CPU module CX2040, 2-channel analog input terminal 0…10 V, single-ended, 16 bit, 4 x 2-wire system EL3162, 2-channel analog output terminal 0…10 V, 16 bit EL4102, 2-channel analog input terminal -10 V…+10 V, single-ended, 12 bit, 1-wire system EL3002, serial portEL6001. In the second experimental, 0 kg mass is mounted to trace force, Ts =0.01 s , experiment results is shown in In the fourth experimental, 0 kg mass is mounted to trace stiffness, Ts =0.01 s , is shown in Fig 10, Fig.7 -10 demonstrate the ability of the system is track force and stiffness independently by sliding model, so the conclusion that the controller is less sensitive to model inaccuracies is drawn. It reveal that the sliding controller could yield good tracking of force and stiffness. People can control force and stiffness whenever it has load or not. In brief the experiment has load have a good control effect. Because the experiment without load needs big acceleration, the PAMs unable to provide such a large acceleration. Note that the force and stiffness of PAMs are not constants, but rather are functions of the internal pressure. The force and stiffness be controlled to trace the desired value. The experimental results indicate good track features of both force and stiffness.
CONCLUSION
This paper presents the characteristics of compliant antagonistic PAMs. PAMs are elastic actuators, which means their forces and stiffness are variable. And based on this property, the models of force and stiffness can be achieved. Furthermore, this paper demonstrates the effectiveness of this proposed approach, stemming from the sliding control's impact on the force and stiffness, which leads to a good experimental result. Thus, a conclusion is made that loaded devices can have a better control performance. The force and stiffness can be controlled to trace the expected values in real-time. So, this paper's research result lays the foundation of improving the characteristics of PAMs and improving their control performances. Then, we can apply this control method about the force and stiffness to the manipulators and elbow joints actuated by PAMs in a bionic robot. This approach can give a bionic robot good flexibility, and meanwhile, prevent its probability of hurting operators when it's at work. Next, we will have a further research on PAMs, for example, the force and stiffness controlled simultaneously with variable loads.
